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PREFACE

This study was conducted by the Flight Inatrument Systems Department, Sperry
Flight Systems Division, Sperry Rand Corporation, Phoenix, Arizona, under Contract
’ DAAJO1=74=~C~0967(P1C), "Study to Assess Cockpit Indicator Marking and Lighting
Requirements of U.S. Army lielicopters"., This report summarizes the work accom~
plished under contract to the U.S, Army Aviation Systems Command (AVSCOM), Techni-
) e cal Integration Branch, Systems Development and Qualifilcarion Division, RD&E

Directorate, St. Lonlu, Misnoart.  The stady was Inftdated In June, 1974, and

The author is indebted to numerous U.S. Army and industry personnel who made
this study possible. Key Army personnel who contributed greatly to this study were
Mr. A. M, Pogton of U.S. Army Human Engineering Laboratory (HEL), Aberdeen Proving

Ground, Aberdeen, MD, the contract Technical Monitor, and Mr, J. F, Hatcher,

formerly the Contracting Officer.
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SECTION I . p

INTRODUCTION

This report presents the results of a program to establish requirements for
improving integral lighting systems and dial marking schemes applicable to.U.S.
Army alrcraft. The effects of mnarking size, marking configuration and color
of the integral lighting system were assessed for maximum low-illumination
readability.

; ! It 1s intended that the results of this study be used to generate new
' specifications or revise existing documents to reflect the unique requirements
of Army aircraft., These requirements have resulted from the increasing emphasis

; on Nap-of-the~Earth (NOLE) operations and night flights.

The program was conducted by Sperry Flight Systems Division of the Sperry
Rand Corporatlion under the auspices of the Technical Integration Branch of the
: Systems Development and Qualification Division of RD&E Directorate, USAAVSCOM.
It was conducted during the period from 27 June 1974 through 30 November 1975,

The objectives of this program include:

e Selection of an integral lighting system
e Assessment of two dial marking schemes

e Construction of indicator mockups, using the selected
liphting system and marking scheme, and lighting

measurements of these mockups.

e Congtruction of an indicator mockup mounting panel

Q and lighting control assembly.

o Survey of the readability of various types of displays
using night vision goggles.

F e Lighting measurements of fluorescent paints when
illuminated with Aviation Red lighting.
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SECTION II

SUMMARY

1.~ PROGRAM DESCRIPTION

The program consisted of eleven gpecific tasks:

Task A ~ Lighting system study

Task B ~ Lighting system selection

Task C - Dial marking study

Task D - Indicator mockup construction

Task E - Indicator mockup lighting measurement

Task F -~ Night vigion goggle survey

lTask G - Indicator mockup mounting panel construction
Task H - Indicator mockup delivery

Task I - Red-lighted fluorescent paint measurements
Task J - Lighting control assembly construction
Task K - Final report

a. Lighting System Study (TASK A)

Five different types of integral instrument lighting systems were evaluated

for:
e Uniformity of light distributlon across the dial face

e Excitation voltages required to obtain the same illuminance
(total flight flux) from all the lighting systems at two

levels of intensity.

e Ease of conversion of the lighting system to other indicator

slzes
¢ Amount ofIStray light (unwanted visible 1light)
e Suitability for anti-reflection coatings
» Relative production costs
e Electrical current drain at 5.0-volt excitation

¢ Fage of maintenance




b. Lighting System Selection (TASK B)

A tradeoff analysis was made of the factors in Section a. This evaluation

resulted in the selection of the lighting system shown in Figure 1.

¢, Dial Marking Study (TASK C)

This task conalsted of the (ollowing three phages:

® A selection, baged upon o wubjective evaluation, of two
candldatre dial graduation phllosophles and dial legend

character fonts.

e Experimental evaluatlon of the two candidate dial marking
schemes against the criteria of the total light flux
emitted from the face of the mockup at the level of
threshold readability for dark-adapted subjects. The
legs the total flux emitted for a readable display, the

more desirable the marking scheme.

® Construction and evaluition of several types of shape-
codaed markiags to denote cautlon and warning areas on
a dlal lace when viewerd under conditions where color-
coding is impractical, such as with night vision goggles
or with Aviation Red illumination.

The twa candidate dial marking schemes selected for experimental evaluatiou
are shown in Figures 2 through 5. The two marking schemes used are shown in
Table 1. The experimental evaluation of these two schemes showed that there was
no statistically significant difference between the two schemes. That is, Scheme
A required less voltage for threshold readability than did Scheme B but the total
light flux emitted by the two were identical when the lighting systems were set

to the threshold readability voltages. Scheme B was selected for use in the

remalnder of the program. The rationale for this selection is shown in Section
111.2.a.
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Figure 2
Dual Rotor ke indicaror Jockup,

716.3 2

Trekine Scheme A
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Figure 3
Dual Rotor RPM Indicator Mockup, Marking Scheme B
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Figure 4
Gas Producer Indicator Mockup, Marking schome A
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Figure 5
Gas Producer Indicator Mockup, Harking Schoeme B
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TABLE 1

DIAL MARKING SCHEMES FOR EVALUATION
Feature Scheme A Scheme B
Dual Rotor RPM Mockup:
Outer Dial Graduations
Major .200 x .035 154 x .019
Intermediate .160 x .030 108 x .014
Minor 100 x .025 076 x .011
Inner Dial Graduations
Major .160 x ,035 .154 x .019
Intermediate .140 x ,030 .108 x .04
Minor .100 x ,025 076 x .011
All Numerals . 180 high, Futura Medium ,154 high, Futura Book
Legends . 150 high, Futura Medium .108 high, Futura Book
Gas Producer Mockup:
Main Dial Graduations
Major .160 x 035 154 x .022
Minor .100 x ,025 .076 x .01
Sub~Dial Graduations .080 x .023 .076 x .011
Main Dial Numerals:
no .090 high, Futura Medium .076 high, Futura Book
"1 through "10" .150 high, Futura Medium .154 high, Futura Book
Sub-Dial Numerals «100 high, Futura Bold .108 high, Futura Book
Legends:
"GAS PROD" .150 high, Futura Medium .108 high, Futura Book
. 100 high, Futura Medium .076 high, Futura Book

"% x 10 RPM"




5hape-coded caution/warning area markings were generated for future evaluation,
These are shown in Figure 6 and detailed in Figure 7.

d. Indicator Mockup Construction (TASK D)

Using the indicator lighting system, Figure 1, and dial mavking scheme B,
shown in Figures 3 and 5 and tabulated in Table 1, the twelve mockups shown in

Figures 8 through 19 were constructed. These mockups contained externally

settable pointers. Both an unfiltered incandescent and an Aviation Red light
= block were provided for each mockup.

In addition to the twelve 2- and 3-inch mockups, a S-inch Attitude Indicator

3 ) mockup and a 4-inch Horlzontal Situation Indicator mockup were constructed. The

2 Attitude Indicator mockup, Flgures 20 and 21, contains the presentation, markings,
i : and colors used in the prototype VSI (Vertical Situation Indicator) used in the
A Boeing Vertol UTTAS helicopter. The Horizontal Situation Indicator mockup,
Figures 22 and 23, represents 8 typlcal commercial indicator of this type.

Insofar as possible, botﬁ unfiltered incandescent and Aviation Red lighting

- capabllities were provided with thege two mockups.

e, Indicator Mockup Lighting Measurements (TASK E)

On each of the fourteen mockups the following lighting measurements were made
using unfiltered incandescent light: -

¢ The voltages required to produce .02 footlamberts and

.05 footlamberts at a selected representative point on
L the prescntation

o Luminance readings, In footlamberts, of silx selected
? presentation points at excitation voltages of 1.5,
3 : 2.0, 2.5, and 5.0 volts de¢

A 2-inch mockup, the Fuel Quantity Indicator, and a 3-inch mockup, the

ﬁf Airspeed Indicator, were then converted from unfiltered incandescent lighting

3 to Aviation Red lighting and the above lighting measurements were taken again,
carrected for color. The results were then compared to the white light '
measurements. These comparisons are shown in Figures 24 and 25. Because

'3 there was a reasonable and explainable correlation between the white and red

! lighting data, it was determined that making further mockup conversions to

red lighting and taking additional iighting measurements of the converted
units was not warranted.
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SEE FIGURE 7 FOR DETAILS
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Three=Inch Alrspeed Indfcator Hockap
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Fipure 10
Two -Inch Fabhoans b G Temperature Indicator ook ap
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Figure 11

Two-Jnch Transmission 0i1 Temperature Indicator Moskup
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Fipure 17

Twe=lnch Transmission Oil Pressure

[AR{R R V4

Indivaror Mockup
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Fligure 173
Two- lnch Fuel Pressure Indiciator Mockup
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Fipure 15

Two-luch Voltmeter Hockup
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Four-Ineh Commercial Horizontal Situation
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f. Night Vision Gogple Survey (TASK F)

Various types of LED, incandescent, and gas tube readout displays were
agsembled and viewed with night vision goggles. This survey provided qualitarive
information for future use when assessing the operational ranpge of these displays

aud their compatibility with a cockpit designed for nipht vision gogpgles.

The panel, shown 1n Figure 26 with the indicator mockups installed, was fabri-
cated. The Attltude Indicator and Horizontal Situation Indicator mockups are

clamp-mounted; all other mockups are bezel-mounted as shown,

h.  Indlcavor Mockup Deilvery (TASK H)

All indicator mockups, mounting panel, and associated hardware and equipment

were delivered to HEL.

1. Red-Lighted Fluoregcent Paint Measurements (TASK I)

A 3=inch mockup, shown in Figure 27, was constructed for these tests. This
mockup used the lighting system shown in Figure 1 with Aviation Red lighting. A
color strip, viewed through an aperture in a matte black dial mask contained
eight different fluorescent paint color samples plus black and white paint samples
complying with FED-8TD-595 color numbers 37038 and 37875, respectivelv. Fach
paint sample was measured for luminance, corrected for color, at 1.5, 2.0, 2.5

and 5.0 volts de exeltation on the lightling aystem.

Thase measurement s wern Laken to provide daca for future ude.  The {nereasing
military loterest Lo fluorescent palnts 8 cvidenced by the addition of a few

r,

fluorescent paint gpecifleatlons to Kevision A of FED-STD-595.

J. Indicator Mockup Lighting Control Assembly (TASK .J)

The lighting control assembly shown in Figure 28 was fabricated to control the
illumination levels of the indicator mockups shown in Flgure 26, It was designed
to operate from a 115=volt ac, 60~Hz source. With it, the i{lluminaction level of
aach mockup may be individually controlled and the lighting level of the entire

mockup panel assembly may be raised or lowered.

k. Program VFinal Report (TASK K)

This document 18 generated in responge to thils requirement.
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Red-Lighted Fluorescent Palnt Mockup
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Figure
Indicator Mockup Lighting Control Assembly
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CONCLUSIONS AND RECOMMENDATIONS

Conclusionsg

The following conclusions can be drawn from this project:

The current U.S. Army specifications for indicator integral
lighting systems are too loose in the area of brightnaess
uniformity across the dial face,

Instrument lighting using "eyebrow" or post lighting is
inferlor to a lighting system integral with and tailored

to the gpecific instrument,

Red lighting prohibits color coding of displaye, and other
techniques, such as shape-coded markings, need to be
explored to improve dial readability.

Current instrument marking criteria are inadequate for U,S.

Army use,

A standardized dial marking philosophy needs to be establisghed
and applied to all indicators on the aircraft panel,

The dial marking philosophy to be adopted must be selected
using the criteria of readability with both the unaided

aye and with night vision gogglea. These requirements demand
an uncluttered dial, markings and legends readable with the
restricted resolution of night vision goggles, and shape-coded
warning/caution areas emslly recognizable through night vision
goggles,

The total light flux emitted by the panel indicators is
independent of the stroke-to-width ratio of the marking scheme
used under conditions of comparable readability,

The current U.S. Army lighting specifications provide an insuf-
ficient number of lamp types to design satisfactory integral
lighting systems.




%? ® Under Aviation Red lighting, Day-Glo® Aurora Pink, Saturn
I Yellow, Arc Yellow, Blaze Orange, Lightning Yellow, and
Firze Orange are all more visible than matte white.

?' ¢ Horizon Blue and Signal Green appear almost black under red
light,

e The three best colors to use with Aviation Red lighting,
b in order of preference, are Aurora Pink, Saturn Yellow,

' o and Arc Yellow,

e The visibility of fluorescent paints under red lighting
' is more than just a function of the amount of red in the
color; the deepnesa or paleness of the color (saturation)

is also a conalderation.

b, Recommendations

The recommendations are twofold:

(1) Since this project did not address all of the unknowns associated with
the design of an optimum indicetor panel for U.S. Army missions, futther studies

TSR (T e R AR T T W

should be made of:

o

;: e Lighting system voltages and intensities for optimum night

e e

vigion goggle use.
@ Lighting system color to verify the findings of this study.

e Caution/Warning area marking schemes for enhanced recognition
with and without night vision goggles.

2 ¢ Individual dial wmarking requirements to remove clutter for
3 night vision goggle readability while retaining readability

accuracy.

¢ Integration of LED, incandeacent and glow discharge (gas tube)
displays into the cockpit.
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(2) 1Incorporate the results of this program, and others, in new or revised

specifications for U.S. Army flight indicators. Specific recommendations are:

Revise integral lighting specifications to require that the
standard deviation of the brightneas readings of a selected
number of uniformly distributed markings not exceed some
percentage of the mean, The selected markings would have to
be determined by the individual diaplay; the number of marke
ings selocted fer a voltmater, for axample, would probably be
different than the number selected for an attitude indicator.
The gpecified percentage deviation from the mean requires a
cost-effectiveneas study for each specific indicator digplay.

Revise integral lighting specifications to permit the use of
MS90451 and MS90452 lamps,

Require an anti-reflection coating in accordance with
MIL~C-14806 on all optical glasg-to~alr interfaces in U,S. Army
ailrcraft panel indicators.

Require an integral lighting system in all U.S5. Army aircraft
panel indicators,

Permit the use of a Prime Standard in U.S. Army indicatox
specifications in a manner similar to that described Ln para-
graphs 3.12 and 4.6.21 of MIL-I-27193 and paragraphs 3.11.4
and 4,6,14 of MIL-A-27623,

Tighten the tolerance on the voltage used to measure a lighting
gystem by an order of magnitude. MIL-L~25467, for example,
specifies measuring lighting characteristics at 5.00 = .10 volt;
this should be changed to 5,00 £ .01 volt.

Plastic lighting wedges and light trap wedges should not be
used in U.S, Army indicators at the present state of fabhrica~
tion and coating technology.

If colored fluorescent paints are used in Aviation Red-illuminated
indicators, Day-Glo® Aurora Pink, Saturn Yellow, or Arc Yellow are

the recommended colors.
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SECTION II1I

DETAILED TASK ACTIVITIES

1, LIGHTING SYSTEM STUDY (TASKS A and B)

The initial step in this program was the selection of an indicator lighting

dystem to ba used throughout the program.

a, Task Activitiaes

Five unfiltered incandescent white indicator lighting eystems representing
current production units were assembled for comparative evaluation. All five
aystems were fitted with the same dial face conesisting of a pattern of matte
white painted dote, FED-STD~595 Color No. 37875, on a flat black background,
FED~STD=-595 Color No. 37038, This dial face is ehown in Figure 29, All
lighting systems were for a nominal 3-inch indicator. The five systems were:

System At Spherical-Plano per SFS (Sperry Flight Systems) 4013149 - This
system is similar to that shown in Figure 1 except that the lamps are T-1
(M$90451) instead of T-3/4 (MS90452), the two glass components have the off-axis
spherical surface shown in Figure 30, and the lamps, instead of being housed
in tubas, are secured flush to a printed wiring board placed in contact with the
inner surface (toward the dial) of the lighting wedge glass. Further, this
system did not use a separate cover glase; the light trap wedge was the baezal

glass.,

System B: Plano-Plano per SFS C~6E Indicator - System B 18 alsc similar to

that shown in Figure 1 except that the lamps are slze T-1 (MS24367), are housed
inh a monolithic light block instead of tubes, and are placed in the shrouded
recesses in the lighting wadge glass shown in Figure 31. The light trap wedge
glags has the same configuration as that shown in Figure 1. Further, this
gystan did not use a separate cover glass; the light trap wedge was the bezel

glaes.

System C: Hensleigh per SFS 4003330 - This is a proprietary system covered
by Patent No. 3,246,133, Illuminating System, invented by Robert H. Hensleigh,
The lighting wedge and light trap wedge are usually made of a clear plastic
material and supplied by the vendor as an assembled matched set., This lighting
system consisted of this assembled matched set behind a .070~inch thick cover

glass and 1lluminated with two T=-3/4 lamps (MS90452).
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i DOT LOCATION TABLE .
i Do X Y noT X Y
1 000 | 1.350 26 260 000
2 000 | 1.260 ri 500 000
3 000 | 1.000 28 760 0500
4 - 965 856 28 1.000 000
6 966 9566 30 | 1.280 000
8 -.884 484 ) 1.360 000
7 884 884 R ) -A177 ) -
8 000 760 k) A -1
] -707 J07 k) 000 | ~.260
10 707 J07 3 | -364 | -384
1 -.630 530 38 364 | 364
12 530 530 37 000 -
13 .000 600 38 -530 ~.630
14 -.354 354 39 .630 ~.630 .
16 364 54 40 =707 | -707 i
18 .000 260 4 707 ~707
17 -7 A7 42 000 | -760 |
18 A AN 43 -884 | ~884 .
19 -1,360 000 44 884 | -884
20 ~1.260 000 45 | -966 | -966
21 -1,000 000 A8 g ) -956
22 -850 | .000 47 000 | -1.000
23 ~.600 .000 48 000 | -1.260 !
24 ~.260 000 48 000 | -1.360
000

716-3.29

Figure 29
Lighting Evaluation Dial Face
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Syatem D: Plano-Plano per INSCO 109 System - This is the system shown in

Figure 1. It was adapted from a lighting system obtained from Instrument
Specialties Co., Inc. (INSCO), Federal Manufacturer's Code No. 34641. The light-
ing wedge and light trap wedge glass are detailed in Figure 32.

System E: Hensleigh INSCO Add-On System - The sume proprietary lighting

ayatem used in System C forms the basis of System B, In Syatem E, however, the
assembled matched set of wedges 1s packaged together with the lamps in a bezel
to produce a non-tepairable bezel/cover glasa/lighting system assembly. This
asgembly 18 designed to be secured to a flange on the front of an open indicator
cage diraectly in front of the indicator dial and pointer presentation. Electri-
cal connections to the lighting system are through a 2-conductor cable integral
with the bezel/lighting assembly and external to the indicator case.

The light measurement procedure consisted of setting the excitation voltage
on System A to 1.5 volts dc and measuring the illuminance, in footcandles,
emitted from the display at a distance of 28 inches in front of the mockup.
This illuminance was then recorded and the excitation veltage changed to 4.75
volts de. The illuminance at this voltage was also raecorded. The excitation
voltagaes on all lighting systems were then adjusted to produce these same values
of 1lluminance, and the required voltages recorded., Using the axcitation vole-
ages thus datarmined, luminance readings, in footlamberts, were taken on each
dot on the dispilay. This data ia shown in Figure 33, The term UNAVAILABLE in
Figure 33 denotes that either tho mockup dial eperture or the dial mounting
screaws obscured the noted points. ‘

The mockup excitation voltage was checked before each reading shown in
Figure 33 and the photometer calibration waas verified before each column of data
was obtained. The readings were taken with a 20-minute aperture on the photo-
mater, This gave a measurement of luminance averaged over an approximately

.020~inch diameter spot.

Calculations of the mean and standard deviations for this data are shown in
Tabla 2.
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Figure 33
Lighting System Evaluation
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TABLE 2

MEAN AND STANDARD DEVIATION CALCULATIONS,
LIGHTING SYSTEM EVALUATION DATA

g System Volts X, Mean 0, Standard Deviation N, Number of Points
;
; Withoue | 1:3V | +0360 .0093 '8
* Point 1
A 4,75 | 7.6154 1.8423
. With 1.5v | .0353 ,0104
- ' Point 1 49
! ) 4,75v | 7.4716 2.0824
by
: 1.61v | .0329 . L0158
0 B 41
g 4,78v | 5.0195 2.3688
" 1.84v | ,0099 .0026
g 5.69v | 1.5696 .3965
A
X 1.48v | .0250 .0047
* 42
4.33v | 3.8405 7145
D
1.48v | 0260 .0058
All 46
Pointse | 4.33v | 4.1339 1.3328
2,21v | .0380 .0212
5 E 49
: 6.92v | 5.3402 2,7803
{4
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* - Without pointa 1, 2, 5 and 7 (face of lamp housing tube not
flush with surface of lighting wedge glass, producing excessive
light leakage).




“wo additional commente on the data of ¥igure 33 can be made. Firat,
wxcessivaly high excitation voltages are required on System E to produce the vame
s illuminance as the other systems. Secondly, the low luminance readings for a
given illuminance laevel for System C could have bean due to a genaral haze which

appears when the lampa are lit and i{w veary difficult to removea. Anathar contri-
buting factor could be the large amouut of stray light produced by System C.

To further evaluate these candidate lighting systems the following factors
were considared:

o Amount of stray light produced

o Ease of conversion to other sizes of indicators

o Suitability for antireflection coatings on the
optical elements

¢ Ralative production costs

e Powar consumption requiremants

¢ Pose of maintenanca

AT A g

This avaluation is shown in Mgure 34,

i b. Conclusiona and Recommendations

It was concluded that Syetem D was the best lighting system to use for the
ramainder of the project.

The stray light from System D may have been lower than that from some other E
sygtems because of tha .093-inch added thickness of the covaer glass. This added ;

cover glass was used because it was a part of the lighting system design used

by INSCO; it was thelr total design that was being evaluated. This placed the

iy lighting wedge farther back in the mockup than the other lighting eystems.

é’ This 18 not normal indicator practice; usuvally the light trap wedge is the cover
" . glass as well as acting to reduce stray light. Following this more standard

b ' practice would reduce the number of glase-to-alr surfaces between the viewer

and the display from 6 to 4. This would result in at least two benefits:

e Sinca each glass-to-alr surface contributes to reflections which
. tend to obscure the presentation, even with anti-reflective

coatings, this would reduce reflections in this system by 30 percaent.
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b LIGHTING MOCKUP CHARACTYRISTICS
o '
; OHARACTERISTIC s1eTIM
; A [] ¢ t r
" yen To75t 1 500V h.gv .00V | 609y 1600 1L [R5 A Y X A 5@1 ;
G Btray op 14 Lk B il -3 R H .gﬂ— .03 .%F N2 ]
y Light Bottom| 5.9 7.4 8.8 10,1 13.% 7.9 2.0 1.6 2.8 8 ;
ta fi-l, Right | 2.0 2.4 2.3 2.7 1.0 4,2 1.1 1.9 1.4 42 |
b ~Note 1~ Left | 2.2 2.7 3.2 3.5 9.4 3.7 64 14 1.2 3 i
k ? Eaas of Conversion t
i %0 2-, k-, or 3 5 4 2 1 :
Bl Seinoh Systen
@ (1 = eaniest) ;
e ~Mote 2 ;
i ' Anti-reflection /
i Coating Yoo you no Yoo 8o .
L Suitebility ,
i Ralative Produation .
X Costa (estimated), 1. 70X 1.88x 1.18% 2.7 1.00%
?‘- ) J-inoh aystem
v!’ ~Note 3=
i Current an M8 A A6 A 23 A 6 A 23 A
i Nag'n't, 3 A6 A M6 A 23 A 46 23 A
3 & 5.00V, Lo 69 A K9 A 23 A 9 A @3 A
4 “Note he 4 A 2 A 35 A 92 A 35 A
" Maintenanos Lamy/prinved tanp/printed Tanp/printed Tamps individually | Messl/lighting
Gonsiderationn wiring beard wiring board viring board uneolderable after | systes replace-
' (Ranking: 1 = aaeenbly wanily ssseubly re« aspenhly re- partial diemssenbly | eble as & wit
sunient to removed from movable after sovable after of indlcator. without dia-
meintain) rear of betel/ partial die« partiel disaseen- Dissseesbly inter- | assewbdly of
1ighting assenbly.| asserbly of bly of indicmtor. medinte “etveen indioator.
Requires partial |indicator. Dis- |Disassssbly inter- | Systems B and C. Rank: 1
s disaasenbly of assewbly nore redinte between Ranks 5
indioater. exlensive than Systeme A and B.
Mank: 2 for System A. Rank: 3
Rank: &
NOTEQ s

1. Otray 1ight was measured st two voliages: the voltags giving uniform illuminance (foot-candles) and
at 5.00 volts. GStray light was memsured with & Photo Researoh UB 1/2 photometer, with a supplemsntary
8120 lena, aimed at & Kodak R-27 matte-white reflsctance oard placed parallel with the axie of moekup
3 and adjacent to the appropriate odge of the hetel. The readings covered a spot appréximately 0.17 inch
! Aiameter. The oard wes scanned to locate the maximum roadinﬁ. This procedure ie essentislly a pructical
oompromise of the procedurds given in pars. 3.3.7 of MIL-L~25467C, pars. 4.5.5.5 of MIL-1~27160C, and
para. 5.6.2.1 of SAE ARP 1161,

L 2. Systen F is ranked as aralsat to convert primarily because & 2-inch systen slrwady exists. BSystem B

- in ranked moat d1fficult benause of the complexity of ths glams shape. Converting system A would require
i the mvallahblility of anmmarcisl glame grinding equipment to davelop auitable 2-, ke, or S-inoh systems;
this development would he sub~aontracted. System D le & atraight-forvard design requiring s winisus of
exparimental wark to sonvart. All systems, except posnihly system D, would require a nev matohed begel/
glans/lanp/paint dmpign to sonvert to 2=, U=, or T-inch wystems.

3, Fxample: Systenm A 15 1,70 times the cosat of Syatem E. Production cost estimates do not include the goat of
any now tooling or fixtursn required, for exampls, for anti-reflesction coating of the glass parts; thess
somta are, within reason, independent of indicator size. Prcduction running coste ure likevise resscrably
indopendent of indicator oize. Fetimates are for a bezel/glase/lighting system sssembly.

4, Currsnt requiremsnts are besed on the ume of .15 Sphotdval Candle Power lamps, e.g., MS24167-715,
M32L515-718, M890LS1-7152, or M89OL52-7153. Curreats for 3-inch systems are satuals for the test unite
used} ourrents for 2-, b, and S-inch systems are astimates of the number of lamps which wvould be requirsd

in these systeus.
716.3-34

Figure 34
Lighting Mockup Characteristics




e Removing the cover glass and letting the light trap wedge
parform this function would move the display forward by
the amount of the thickness of tha cover glass. This
would {ncrease the display viewing anglae,

It was observed that a halo of light is present around the periphery of the
display if the edges of the light trap wedge glass and cover glass, if used,
are not blackened.

The edgas of the lighting wedge glass in Syastem D, shown in Figures 1 and
32, wera painted black because this was the paint system used on the vendor's
design from which this was derived. The usual practice is to paint the edges of
lighting wedge glasses white to increase the back-scatter of light onto the
presentaction and, hence, increase the efficlency of the lighting system. How-
ever, the lighting system for each indicator is tallored to that specific indi-
cator, Many techniquas are used, such as judiclous use of white and black paint,
reflectors, chamfers and notches in the lighting wedge glaes, auxiliary light
blocks, combinations of wedge and transillumination lighting, etc. Figure 31
shows some of the complexity that can result from tailoring & lighting system to
a ppacific indicator. No attempt was made in this project to optimize any of
the lighting systems used, The results are, therefore, not to be construed as
the bast that can be obtained.

It 1s racommended that the results of this task be used as the basis for
generating lighting specifications suitable for Army eircraft use. The data
obtained and the foregoing comments should be borne in mind when generating such
apacifications.

2. DIAL MARKING STUDY (TASK C)

The purpose of this study was to determine the better of the two contending
marking schemes shown in Table 1, page 9, and Figures 2 through 5. A further
purpose of this task was to avaluate the caution/warning dial marking schemes

shown in Figures 6 and 7.

a. Task Activities

(1) Graduation and Legend Study

This task began with the investigation o” the characteristice of various
available type fonts for use with indicator dial legends. Twenty-seven fontsg
were surveyed for stroke-to-height ratio and width-to-height ratio. The results




e

TR

N TN IR

of this survey are shown in Table 3. Based upon these figures and a subjective
evaluation of the fonts, Futura Book and Futura Medium were chosen for use in

the dial marking study. These two fonts are chown in Figure 35.

Using these fonts, the dial graduation scheme shown in Table 1, page
9, and the selected lighting system shown in Figure 1, the four indicator mock-
ups shown in Figures 2 through 5 were constructed. All four indicator mockups
uged Aviation Red lighting. The mockups were then designated A through D aas
defined in Table 4. The four mockups were then evaluated in the light laboratory
using eight subjects and the setup shown in Figure 36.

The eight subjects all had approximately 20/20 uncorrected vision and were
dark-adapted for approximately 20 to 25 minutes prior to the tests., One subject
was then seated 28 inches from one of the instrument mockups with the illumination
intenaity at zero and out of view of the remaining subjects in the room. ghe subject
was then asked to gradually increase the lighting intensity, with a control
provided, until the pointer positions could be read. After the pointer position
readings were verified, the voltage was recorded. This procedure was repeated
two more times at different pointer settings for a total of three trials per
mockup. This process was repeatad for all four mockups for each subject. The
mockups were presented to the subjects in the order shown in Figure 37,

Following the establishment of the minimum voltage settings, illuminance measure-
ments, uncorrected for color ratio, were taken at a distance of 28 inches on each
mockup at each of the eight average tabulated voltage settings for the eight sub-
Jects. These are recorded in Figure 37, A statistical t-test was then
performed on the illuminance measurements to determine the statistical significance,
if any, between the two marking schemes on the two types of indicators at a .05

significance level. The results of these calculations also are recorded in

Figure 37,

Luminance measurements were then made at six selected points on each mockup
at excltation voltages of 1,5, 2,0, 2.5, and 5.0 volts, These are recorded
in Figure 38,
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TABLE 3

CHARACTERISTICS OF REPRESENTATIVE TYPE FONTS

Name gi;::: ::g;:t (See Note 1)
Univers 39 .05 W22
Futura Light .06 .73
Univers 45 .07 .61
Univers 49 .08 .25
Univers 47 .08 .40
News Gothic Condensed .09 .42
News Gothic .10 .56
Futura Book .10 .60
Eurostile Light .11 o713
MS 33558 JA2 .61
Euroastile Light Extended 12 1.12
Univers 59 .13 .37
Futura Medium Condensed .13 Y
Univers 55 13 .65
Futura Medium .13 .74
Univers 53 .13 .90
Univers 57 .15 .48
Univers 65 .19 .72
Futura Demi~Bold .19 75
Univers 67 .21 .54
Futura Bold Condensed W22 .53
Univers 75 +26 .75
Eurostile Bold .26 .79
Futura Bold .26 .81
Univers 73 .26 .87
Eurostile Bold Extended .30 1.17
Univers B3 .32 94

Note 1: Ratios vary with character; those tabulated are
for """, where available, or for "5'" where "7"
was not avallable.
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Futura Book
abcdefghijklmnopgrstuvwxyz

ABCDEFGH UKLMNOPQRSTUVWXYZ
1234567890 (&.,:;12"""-"$¢%/)

TF.54

Futura Medium
abedefghijklmnopgrstuvwxyz

ABCDEFGHIJKLMNOPQRSTUVWXYZ
1234567890 (&.,:;12"""-*$¢%/£)

716-3-36

Figure 35
Futura Book and Futura Medium Type Fonts
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Fiyure 36
Grinduat ion and Legend Htuwdy Laborator? Setup
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Threshold and Illuminance Measurements, Graduation and Legend Study
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! ‘ LUMINANCE, INSTRUMENT MOQCKUPS A AND 8B, DUAL TACH
§ . (NO. 1 POINTFR SET AT 40, NO. 2 POINTER SFET AT 3.5)
‘ - T FOOT-LAMAERTS, MockUP A -
i 1.5 VoLTs 370 voLts 2.5 voLTs %.0 VoLTS
. | LOCATION
f H EAD~ |WITH |CORR.JRFAN- [WITH |CORR.]JREAND-|WITH |CORR.JREAD-|WITH |"ORR,
’ _fma fa3nn4 [Fren fiNa 13114 [Pr-n NG [3114 [Pren JING [3114 {FT-L
| CENTER, "20" OGRADUATION 006 |, 0010 |.0a3) | .01%0 |.9088 | .014] [[.0349 | .0L8) [ 0410 | 5680|399 .22
’ DIAL AROVE “RTR" 000044000035 [ 00006 4 ,000213).000188 [,00018 | 00064 |.00047].0076 || 0118 |.0082].01%%
‘ . CENTER. NO. 2 POINTER TIP | 6019 |.00id4 | .0022] .0089 | 0066 |.0106,0076 |.0199 |.0324 || .8130],3¢00 |.4007
ABOVE “1". NO, | POINTER 1.001p|.0012 |.0019 ] o7 | 0okt 00831 0012 |.0183].0249(.3750/.26%0 |. 401
. CENTER, “2" ORADUATION 0016l 0012],0019].007 ,ooﬂ.&.oab‘z G210 1. 01600146 13N |, Adr0
r CENTER, 80" GRADUATION 04,0811 ].0019]0089 0049 0081 0201 [ 0149 | 0138 [ 3690]. 2610 |. 4126
j.‘? LOCATION FOOT-LAMBERTS, MOCKUP n
N CENTER, “20" GRADUATION 0016 | 0013 | ,0018).0077 | ,0087|0091 0218 | 0177 ].00.77 . 4240 |.3100 |. 4988
DIAL AEQVE "RTR' 000043 |.000031,00008'\|, 060180 | 00138 | 00021 |,000619 | 300389 |4006 | [ . 0093|0047 ].0 109 ﬂ
iy CENTER, NO. 2 POINTER TIP | ool |.cole|.0028] . co8)| oosi | .00%] 0219 |.0117 |.0282] 4130 | J00c | 4858 P
ABOVE “1“, NO, 1 POINTFR 0ole | toit [,0019 10078 |, 0088 |.co8sl.01t4 | 016D |.0164].3970 |. 2970 | . 4683 ;
CENTER, "2" ORADUATION ol8 | eoinl,0017] 0068 | 00d) | 80781, 01%9 | 0134 |.0211 |, 3280 |.2420 |, 3843 E
CENTER, 80" GRADUATION ,0010|.0018 | 0014l 0084 ] 0060 |.0099 |.0238|. 0176 |.0180] . do3o[.Lde0 | 4129
i i
"!' LUMINANCE, INSTRUMENT MOCKUPS C AND D, GAS PRONUCER {
B (MAIN DIAL POINTER SET AT 3, SUR-DIAL POINTER SET AT 7} i}
5 LOCATION FOOT-LAMBERTS, MOCKUP ¢ i
I
,? CENTER, "1" GRAD., MAIN DIAL] 0031],0114 [,0088|.01356],0338].0074 |,0373 1,596 |4500 | 7017
i(' CENTER, SHORT POINTER TIP ,0038].016%|,0129 | 0200].0481].0378 | .06\ ], 7400 | 5800 8985
3

0033) 0108 0083).0128 ) 0319 |, 0242 ).0377 |.5660) 4170 6660
DIAL BELOW "PROD" 000086 ], 000 48],00033 .omﬂi,ou&F,ouvt 001130, 0189 |.0114 |.0\8

CENTER, “@" GRAD.. MAIN DIAL 013\ |, ailvo ], 0i88].0011 {0184 ].0 8930 | 4410},6990
CENTER, 5" ORAD., MAIN DIALJ 0ed8{ 0020 ],0033 | 0118 | . 000) 0134].0337 | 0287.0390].86%¢ | d20 | 6712

f CENTER, LONG POINTER TIP
i

LOCATION FOOT--LAMRERTS, MOCKUP D

3 CENTER, “1" GRAD., MAIN DIAL| 001L].0018 |,0024 |.0127 |,0008|.0180].0378,0092 |.0448|.7150 {.5470],845¢
G CENTER, SHORT POINTER TIP 0015/.0018 |.0029 |,0108[.0079[.0127 ],0317 [, 0250],0347].5600 |. 4500132

{ | CENTER, LONG POINTELR TIP ool |.0017 |.00td [.00%4 {0073 ]|,01n1 §.0183].0032 |.0337].9860] 4 6454
DIAL BELOW “PROD" 000048 |, 000066 | , 00014 106019 1,0001,8 100076 |,000859 |.000%] . 0\48 | on} |,019

] . CENTER, “8" GRAD.., MAIN DIALY Oott]|.00i7],0015].0095 | 00690112 |.0269 |.0203],0318].4770 | 3870 Seré
J CENTER, "5" GRAD.., MAIN DIALY ooyl), 0016 ].0008].0094] . 0072]011 | 0279] 0219 |.0315].5280 | 4i180( cO78
718.3-38

i Figure 38
Luminance Measurements, Graduation and Legend Study Mockups




TABLE 4

LIGHTING MOCKUP IDENTIFICATION,
GRADUATION AND LEGEND STUDY

Muckup Flgure Indicactor Marking Schaeme
Dewignation  Numbur Name (See Table 1, Page 9)
A 2 A
. B 5 Dual Rotor RPM B ﬁ
c 4 A g
Y D 5 Gas Producer B :

N Also requested was the average luminance of the dial markings at the average
voltage of all eight subjects for each mockup. The average of five points on
aach mockup produced the following data:

T et S

Excitation Average Dial
Mockup Voltage Luminance, fL
) A 2.010 010
- ' B 2,299 016
g c 1.826 .009
3 D 2,203 .020

For reference, the red brightneass correction curve for the photometer used in
these measurements 1ls shown in Figure 39.

(2) Caution Warning Area Marking Study

i The candidate marking configurations shown in Flgures 6 and 7 were gene-
i

& rated and supplied to HEL for evaluation. These configurations were supplied in

the form of 1:i1 white~on~black prints, 1:1 black~on-white prints, and 1:1 film

E‘ naegatives (clear markings on an opaque background) for light«table evaluation.
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A 1 | ] | T N
LUMINANCE, FY-L » (PHOTOMETER READING WITHOUT NBS 3114 FILTER) ¥ (CORRECYION FACTOR!
L 12
;o 1788, 1.473)
1,804, 1.127]
IR o
1.307, 1.108)
:
«
g 10
o ST
(890, 008}
3 p 5 6 7 8 9
PHOTOMETER READING WITH NBS 3114 FILTER
COLOR RATIO * 4 T OMETE R AEADING WITHOUT NGS 3174 FILTER 716.3:39
Figure 39

P Photometer Red Brightness Correction Curve
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and then to make lighting measurements on them.

Conclusions and Recommendations, Graduation and Lepend Study

Examination of the data in Figure 37 ghows:

o More voltage is required to read the units using marking

scheme B (instruments B and D) than those using marking

gcheme A (instruments A and C).

The total light flux from the face of the 3-inch mockups
(instruments A and B) 1s greater than for the 2-inch
mockups (instruments C and D).

At the threshold of readability, the total light flux from
the face of the mockup is the same for both marking schemes.

The statistical t-test shows no difference in the dial
marking schemes at a significance level of even 20 percent
(two~tailed test), based on illuminance measurements.

Based on these tests, additional study on marking schemes
is required to establish criteria to be used for U.S. Army

aircraft indicators.

INDICATOR MOCKUPS (TASKS D, E AND H)

The purpose of this phase of the program was to construct indicator mockups
utilizing the results of the lighting eystem study and the marking scheme study,




a, Task Activities

Using the indicator lighting system, Figure 1, and dial marking acheme B,
shown in Figures 3 and 5 and tabulated in Table 1, the 12 mockups shown in Figures
B through 19 were constructed. These mockups contained externally settable
pointers. Eoth an unfiltered incandescant and an Aviation Red light blocl ware
?' provided for each mockup. All optical surfaces contained an antireflecticn

AT S

g ' coating in accordance with MIL~C~148064A.

In additlon to the 12 2- and 3=~inch mockups, a 5-inch Attitude Indicator

) mockup and a 4~inch Horizontal Situation Indicator mockup were constructed. The
5 Attitude Indicator mockup, Figures 20 and 21, contains the presentation, mark-

? ) ings, and colors used in the prototype VST (Vertical Situation Indicator) used
?" in the Boeing Vaertol UTTAS helicopter. The Horizontal Situation Indicator mock-
Q i up, Figures 22 and 23, represents a typical commercial indicator of this type. ﬁ
Insofar as poseible, both unfilrared incandescent and Aviation Red lighting
capabilities were provided with thesa two mockups. All nptical surfaces on
these two mockups contained a high-efficiency antireflection coating.

On each of the 14 mockups the following lighting measurements were made,

R VI N - SN T S

using unfiltered incandescent light: P

o The voltages required to produce .02 footlambert and .05
footlamhert at a selected representative point on the

% presentation.
F ¢ Luminance readinga, in footlamberts, of six selected
4 prasencation points at excitation voltages of 1.5,

g 2.0, 2.5, and 5.0 volts de.
d These measurements are shown in Figure 40 through 53.

f A 2-inch mockup, the Fuel Quantity Indicator, and a 3-inch mockup, the Aflr-
i speed Indicator, were then converted from unfiltered incandescent lighting to

; ' Aviation Red lighting and the above lighting measurements were taken again,
corrected for color using the curve of Figure 39. These measurements are shown
in Figures 54 and 55. If it could be shown from these measurementse that there
i8 a correlation between the lighting Intensities measured with unfiltered
incandescent lighting and those measured with Aviation Red lighting, further
conversion of the mockups to red lighting and subsequent light measurements

would not be necessary. The following analyses were then performed.
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LIGHT MEASUREMENTS, 2-INCH. FVEL QUANTITY INDICATOR
{Pointer aet at 460 pounds)

EQUIPMENT: patE: 30 oeT I8
PHOTOMETER: Pritchard, Model 1980/0PPL, Ser. A256 MEASURED RY: . .
CONTROL CONSOLE: Pritchard, Model 19B0/CDBPI, Ser. A256

LENSt Spectar LF-19, Sor., A256 LIGHTING CQLOR:

FILTER: NBS No, 3114

VOLTMETER: Hawlett-Packard Model 3440A, Bar. 637.06915 L]Aviation Red

Olunfiltered Incandescent

VOLTAGES,.FOR SRECIFIED LUMINANGES: (Unfiltered Incandescent Lighting)
t.ocationt Center of the 100-pound gresduation
4 volte do for .02 foot-lamberts

B voits de for (N% foot.lambharta

o LUMINANCE, FOOT-lAMEERTS T

1.5 voLT8 he 2,0 VoLTs ne 2.5 vours e | 5.0 vouTs o

HEAD -1 WITH | CORR|[READ~] WITH | CORR.|| READR; WITH | CORR. RFAD- WITH CORR.
ING T 3114 ) FT=L.| ING {3114 | PreL.| ING [ 3114 LFT-L. ING | 3114 | PT-L.

W AR Y | ISP I Lo

LOCATTON

r'nm«r. 100 nead. 068 _—"",—_'.!-__Ff'_._r 254 | ldee
(«nh-r. 100 Gred. .ol?-_ . . RIL N N
LConter. Vointar Tip SORLL s - _~
[unctsan sn 17 of omv Lol [ Lo |
| canter, Zoro Urad, | [oa] ol |
Centar, 600 arad, 19 P
N e 340
Flgure 40
LIGHT. MEMUMHIETL_J. INCH. AJRBPELD. INDICATQR
ointer sat at 1310 Knota)

EQVIPMENT ¢ DATE: ..°._ ";. s
FHOTOMPIER s Dritchard, Model 19B0/00DBL, Ser. A256 MEASURED YT I-rzg_ .
CONTI L, CONROLEL  Pritehard, Model $9H0/CDAPT, fer. AZ296
LENHY  Mpactar LE. 19, Ser. AZhh LIGHTING COLRR!

FILTER: ND8 No. 1114

VOLTMIETRR 1 Ilew] ot t -Daekurd Modnl 1440A, Ser. 617.06718% ghviation Red

Munfiltered Incandegcent

VOLTAUEYS . FOR (PECTFILD LUMINANCES: (Unfiltured Incandescent Lighting)
uocations  Canter of 30-knot graduation
Ja volta de tor .02 foot-lambherts

88y volte d- for .05 foot-lambores

LUMINANCE, FOOT.LAMAERTS
VOETS hE 2.5 voLrs nc | 5.0 vorrs i
| CORR. |nEAn~lern CORR.,

LOCATYION

READ-|WITH CORR.T_READ WITI | CORR.IREAD~|WITH
ING {3114 |FT-L.| ING [3114 FTl!:l MO
Towi Y Y a0
) ) 186 e .
ST 8 SO Y T TS

- 1,03t .
AN

L ING | 3114 FT.L.

T T

Gentor, 30 Grad.
(nmm. '_ ( ; .
(‘untm 'So'ﬁiud.“
anur. 7.() rlrnd__

SRR 7 LA VsV AN

HGJI\

Figure 41
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L}ﬂﬂI.Ulbﬂﬂﬁﬁﬂzﬂiﬂlmi-ZNQH_EXHAUET.QAEETEMEEBAIHRE_INDIQAIQB
[Pointer met at 0507¢C)

EQUIPMENT: DATE ~_32_9.%__.
PHOTOMETER: Pritchsrd, Model 1980/0PPL, Ser., A256 MEASURED BY:
CONTROL CONSOLE: Pritchard, Model 1980/CDHPI, Ser, A246

LENB)  Spectar L¥-19, Ber. A256 LLOHTING COLOR 1

FILTER1  NRG No. 314

VOLTMETIER T Hewlakt-Fackard Model 3440A, fer. 617-0691% JAviation Red

tUnfiltared tncandescent

\. . VULIAGES POR SPLCIFIED LUMINANGAE: (unfiltered tncandescent tighting)

d ' Loostinon:  Centae of the 7000 graduation
] volts Ac for .02 foot.lambarta
. volty de for .05 foot-lambarta
e e oo 2 -
i A | ‘ LUMINANCE, FOOT-LAMBERTS -
B o 1.5 VOLTS DC 2.0 voL1s bc T 2,5 Vours nc . TH,0 VOLTS be
» LOCATION 1 : 4 ; -
Es, READ-| WITH FORR, | READ~| WITH |CORR, [READ- (WITH |CORR. READ-  WITH ,CORR,
i ING | 3114 PT-L. | ING 3114 |FT-L. || 180 | 3114 |PT-L.j| ING | 3114 (FT-L.
A e e me e o — e |
i Center, 1000 arad. 043 18% Bl . 1o, 71 | : )
; ) Center, Pointer Tip NIy I O 1Y -, n L4 | 4
M | Conter, 700 drad, L&D J.059 A2 252
- : Center, Zero Orad, ow| . Jaondl | k) 429
i | Center. %00 Grud. L.pbf" 106 326 fadl ]
» Lcontwr, 100 orad.  [ew] A A2 2,40 g
a3 i
i R
Al
Iy
Flgure 42 '
i
’
UQM_WN&J:WMIWLWM
{Pointer set at +70°C)
EQUIPMENT 1 DATE X . .
PHOTOMETER: Pritchard, Model 1980/0PPL, Ser. A256 MEASURED BY1 ~
CONTROL CONSOLE: Pritchard, Model 1980/CDRPL, Ser., A256
LENS: Spectar LF-19, Ser. A256 LEGHTING. COLOR ¢
FILTER: NBS No, 3114 tion Red
VOLTMETER: Iewlett-Packard Model 1440A, Ser. 637.06915 Aviation Re

Unfiltered Incandescent

VOLTAJES FOR SPECTFIED. LUMINANCES! (Unfiltere) Incandescent Lighting)
Locat,on:  center of the +100 C graduation
! l.ﬁ’“ . wvolta de for .02 foot.-lamberts
X LSUR.  volts dc tor .03 foot.lamberts

-9 f ) Hl T TLUMINANCE, FOOT-LAMERTS
9 | 1.5 voLT§ pe 2.0 VOLTS DC 2.5 VOLTS nC 5,0 VOLTS DC
o . U
" LOCATION RFAD-| WITH | CORR .| READ-| WeTH | CORR.|| READ-| WImit | CORR.| READ-] WiTH | CORR,
| INa | 3014 [ ron 3no | 31ad [ Provlina 3104 | proni] aNe | 3114 | Pee
PR U U S
: Conter. +150 Grad. i, odd iL (s Kxi3 do
. | Centar, +100 Grad. N1k 088 127 379
X | Centar, -70 Grad, | .ol -3 I-) L26] 5.
4 Canter, Pointer Tip ' o1 L 4% 436
i . Conter, -20 Orad. 030 | A SSt 259
4 _Conter. +20 Grad, 0% : 3 a8 2,277
g 118343
4
18

R Figure 43
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LIOHT. MEASUREMENTS . -LINS‘N TBANSMISSION. QLLPBtthM JINDICATQR
(Pointer sat at 60 psi

EQUIRMENT: DATE: __30 S&Y 1§ .
pngjmnmsm Peterhard. Model 1980/0PPL, Ser. A256 MEASURED BY s A“
CONTRO!. CONSOLE: Pritchard, Modal 1980/CDRPT, Ser. A256

LENS: Spactar LF-19, Ser. A2%6 LIGHTING COLQR:

FILTER: NBS No. 3114

VOLTMETER: Hewlatt-Packard Model 3440A, Ser. 637-0691% %G:::{:::ag“gmmd"c.m

VOLTAGES .FQR_SPECIFIED LUMINANCES: (Unfiltered Incandescent Lighting)

Log, C&O"H Centar of tha 40 F“ graduation
volts dc for .02 Boot-lamberts

33tk volta dc for .05 Eocot-lamberts

o
o LUMINANCE, FOOT-LAMBERTS
1.5 VOLTS NC 2.0 VOLTS D7 2.5 VOLTS DC 5.0 VOLTS DC
LOCATLON READ-|WITH |CORR.|[READ~|WITH |CORR.|READ-[WITH [CORR.[[READ-[wrTH Jcorr.
B ING [3114 |FT-t.| ING |3114 |Pr-L.] ING |3114 |FT-L.{ ING [3114 [FT-L.
Center, 80 Grad. 037 J o8 5 10.\9
Center, 100 Grad. 018 ,09L 89
center, Pointer Tip 089 J34 L3958 8.8
Canter, 40 Grad. 02| Jo3 299 63|
| Junction in “"L" of OIL | .62l 042 283 59
|Center, 20 Grad. .029 JA33 398 8 .44
Nea4d
Figure 44
LEAGHT MFASUBEHFHTSL A-INGH FL'.ELPBE.ES.RLIEQIQATQE
Pointer set at
FQUIPMENT : pate: _J0 @€y 15
PHOTOMETER:  britchard, Model 19B0/0PPL., Ser. A256 MEASURED BY! s
CONTIOL CONSOL®:  Pritechard, Modal 1980/CDRPI, Ser. A256
LENS:  Spacwar LF-1%, Sar. A256 LINSHTING COLOR!:
FILTER: NRS No, 3114 ) Aviation Rad
VOLTMETERT  Howlntt Packard Model 1440A. Ser. 6317-06915 gl tarmt Tncancescant
VOLTAGES FOR SPECIFIED LUMTNANCES:  [Unfilterod Incendescant Lighting)
Locat ion: Centor of the 70 pal araduation
1,871 . voltw de for .02 foot-lamberts
NI volte de For 0% foot-lamberta
T T 'LUMTHANCE. FOOT -LAMBERTS
1.5 VOLTS DC 2.0 VOLTS DC 2.5 VOLTS DC 5.0 VOLTS DC
TOCATION READ-] WITH | CORR.| READ-] WITH | CORR.| READ~] WITH | CORR .| READ-] WITH | CORR.
e [ 3114 (rror. NG - 3114 | Pr-L NG | 3114 [Pr-L.]| Ine | 3114 |Fren.
.40 Grad. 28 | 133 3% 43
te Pointer T:p L0017 -1 W N
_Center. 50 Grad, Olb 074 206 440
}(-::TLY-P. 20 Grad. ) L‘ogb __l.07% 212 NS
Center. Zero Grad. Leerr [ 08 296 5
Center. 10 Grad. -',01.6 -] . 3886] 2.
716 348
Figure 45
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LIGHT MEASUREMENTS. 2-INCH CLOCK
(Time set to Bi120, elapned time pointer zaroad)

EQUIEMENT D, (3
PHOTOMETEN: Pritchard, Medel 1980/0PPL, Ser, A2%6 Mggénrnln\ﬁ‘k&““

CONTROL (CONSOLE: Prltchlrd.zModel 1960/CNBPI, Ber. A2%6
LENS: Spectar LF-19, 8pr. A256
VOLTMETER: Hewlett-Packard Model 1440A, Ber. 617-06915% quumxno.gonon:
Avistion Red
Unfiltmred Incepdesaant

YOLTAQKS YOR SPECIFIED, LUMINANGES: (Hnfilteresd Incandescent Lighting)
Location: Center of the 20-second dot

volts dc for .02 foot-lamberts

volta de for .05 foot-lamberts

; LUMINANCE, FOQT-LAMBERTS
i | i.5"vorms oe 2.0 VOLTS nc 7.5 VOLTS DC 5.0 VOLTS DC
i LOCATI N READ-| WITH | CORH.| READ-| WITH | cORR.| READ-|WITH |coRR.|READ.|WITH | Conn.
ING | 3114 | Fr-L.]| ING | 3114 |PT-L.| 1na [3114 |Fr-Li| 1NG | 3114 |FT-L.
center, 60 mark i, o1l ¥ 1 3l
101} 10,003 308 637
Center, 10 dar 10046 010 ) 1,3
| center. 40 dot .01 J.e7% a3 4,8¢
Lenter; 20 20 "?‘. el L 08 Miy) n __j
[Center, 30 mark oL 00 196 6,2y }—‘
716348
Figure 46

LIGHT_MEABUREMENTS, 2-INCH. VQL'A‘MET!E

(Pointer set at 25 volts)
EQUAPMENT:
PHOTOMf?ERl pritchard, Model 1980/0PPL, Sexr. A256
CONTROL CONSOLE: Pritchard. Model 1980/CDBPI. Swur. A256
LENS: Spectar LF-19, Ser., A256

FILTER: NBS No, 1114
VOITMETER: Hewlett-Packsrd Model 3440A, Ser. 637-06915

pate; JO OeT IS
MEASURED BY! 2. 15‘__
LIGHTING COLOR:

Aviation Red
Unfiltered Incandascent

YOILTAGES FOR SPECIFIED LUMINANGES: {Unfiltered Incancescent Lighting)

volts dc for .02 foot-lamberte

.m.atl;om Contor of the 10-volt graduation
‘l ¥ volts dc for .05 foot-lamterts

LUMINANCE FOOT-LAMBERTS

" 1.5 vours pc | 2.0 VOLTS pe_ | 2,5 VOLTS DC 5.0 VOLTS BC

\ LOCATION T i I I
! | READ< ¥ITH |[CORR. || READ< WITH CORR. [READ- | WITH CORR. nun# WITH [CORR.
L. NG | 3134 [Pr-L | ING | 3114 jerop. [ TNG | 9114 PT-L. | ING | 3134 fPT-L,
| Contar, tero orad, T ooe ; ..043 133 .97

Centar, 5 Grad.  _ ,eed(} o4 Ly 30
E:r.w.t!'i:_ 10 Grad. ) u.o44 o 132 i 270

center, 20 Grad. oL A& 3 00 ,
;Fonter. Painter TP -] - 1 285 . S66) . ,___:
| Contar. 30 Orad, J.od0 L1t ' - :

Figure 47
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LIQGHT.MEASUREMENTS, _2-INCH. AMMETER
(Pointer set at 25 amps)

EQUIPMENT. pave: 3O 08T 7§ i
PHOTOMETFR: Pritchard. Model 1980/0PPL, Se1. A296 MEASURED BY: A FTdadil .

CONTROL, CONSOLE: Pritchard, Model 1960/CDAPI, Ser. A2%6 ;
LENS: Spectar LF-~19, Ser., A2%¢ (s} ]

FILTER: NBS Na. 3114 sznxzunucgbgn

VOLTMETER1 Hawlett-Packard Model 1440A, Ser. 637.96915 LiAviation Red

Munfiltered Incandescent

VOLTAGEN FOR SPECIFIED LUMINANCES:  (Unfiltered Incendnscent Lighting)
lncation: canter of the 10.ampn ycaduation

volts d¢ for .02 foot.lambarts

volts dc for .05 foot.lamberts

LUMINANCE, FdéT-LA&BékTé o "-——7
B _1"._5 VOLTS DC 2,0 VOLTS nC i 2.5 VOLTE:" DC' 5.0 VOLTS DC T
READ- HITH-TCORR. READ-| WITH 1 CORR .| REAR- WITH ©ORR,.| READ- WITH CORR.

ING 3114 [ PPeL i

LOCATION

|

ING | 3114 FT-L. lNGiJlH‘I-"T'-L._ ING 3114 Fo-1.

o e = B . o T T, {

.£9M£r:i¥aikeﬂiﬁ..“Peeé O e XY YR .fni“ﬂsllkj_.-w,, _hray
|

Conter. 5 Grad. 009 L Lokd | jA3ey 1.7-_-_8_’_44. . . .

10 areg. .. Jueul lodd] RV S S & X A "
cenvor, 20 opad. . Lot ] L. _LeS|| VTN RS )1 Y SO — ’
fenter, Polnter Tip 3% A N At X ok . 834 ‘

cantee. 30 Orad, o fyeM g | . be$tl 1 asa. i .36

e 4p

Figure 48

LLGHT MEASUREMENTS, 3- INCH VERTLOAL SPFED INDICATOR
(Potntor aat at 100 FPM UP)

} EQUIPMENT: pAtEr L 1, ..N."MEZE . b

[y UHOTOMETER:  Pritchard, Model 1980/0PPL, Ser. A256 MEASURED RY:
CONTROL CONGOLE:  Pritchard, Model 1980/CDNPY, Ser. A256
LENSGT  Sprctar LF-19. 8nr, A296 LIGHTING_COLOR

FILTER: NRS No, 1114 ]
. 3 s Aviation Red
VOLMETER:  Newlantt-Packard Modol 1449A, Ser, 637-06914% &llnﬁltered Incandescent

VOILPAGLS FOR GPECTRIED LUMINANCES:  (Unfiltered Incandascent Liqght§ing)

\ Locgt fant  'mnrar af the zera gqpadusl jon
L b et e tar o0 foot lamburt g
R ) volty e cor L 0h feot lambarts
- ! ;' LUMINANCE,  FOOT <L AMBLEICTH .
b: IR CIEREE 200 VOLTs 1 5.0 vorts ne
3 LOCATINN oo T : e =
v READ|WITH | CORR.{| READ-| NITH [CORR.|READ-|WITH [ CORR.||RFAD-| WITH |CORR.
i Y TN [ 3004 ) PTL. ING | 3114 FTAL ING ]3114 [ FT-LLY ThG | 3114 PT-L,
g Contar, 1500 UM Grad. .T,ot 094 20 o.4]
Center. Pointer Tip oL 094 A b
Center. 1000 Ub Grad. 00 036 NI A A0
Center., Zero (irad. o & ,06% ) 3, S
Center. 500 DN Grad. || ote 1,086 kA AN S.06
3 ter. 3000 NN Grad. I of& 068 193 409 J
H 716340
5 Figure 49
T
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LT e

LIGUT Mﬁhﬂﬁhﬂﬂt{ﬂ:- 3=INGH .’IQRQQB_HF'EEB
Pointar aet at B4 pel)
EQH TUMENT 1
PHOTOMETFRI Pritchard., Model 1980/0PPL, Ber. A256
CONTROL CONSOLE: Pritchard, Modal 1980/CDBPI, Ser. A2%6
LENS1 Spectar LF-19, Ser., A2%6
FILTER: NBS No, 3114
VOLTMETER: Hewlott-Packard Model 3440A, Ser. 537-0691%8

VOLTAQLS. FOR SPECAERED_LVMINANCES: (Untilterad Incandescent Lighting)
tocation: Center of the zero graduation
,_k? volts dc for .02 foot-lamberts
28487 volts dc for .05 frot-lamberts

pATE: __ 7 Nev 18
Mnst'mm Yt R ETIes K
LIGHTING .RQLOR !

Aviation Red
Unfiltared Incandescent

[ COMTNANGE, FOOTLAMBERTS. . . . .. . ...
_rsvorrsoe [ aovotrsne [ 2.5 vours be ] 5.0 VOLTS DC
LOCATION ' I . .
CORR . READ— WITH |CORR.[READ-|WITH | CORR,[READ-|WITH | CORR.
FT-I:- ING ;3114 F_'T—Iu ING | 3114 | ¥T-L.[ ING | 3114 PT-L_.:
r.(_‘,tlur. 114 Qrad, L, .Ilﬂ-l ] g2 Ky ] ——
[Center. Pointer Tip _____‘_Qm _____ I 2 577 i
[Center. zero crad. LY L IR A A
Cuhter, 56 ﬂud R - 198 a? N
(‘antor 20 Grad. __‘_‘___‘_Lgb_gr__“h_‘ |+ 209 | |4 .53
[antar, 18 Grad, SO 1Y Z. DO 12 <, = S .r)
IRttt 718-3.80
Figure 50
LgyT MLA‘*UKFHE‘NTﬁi A= INGH., RAROMETRIC ALTIMETER
(Puintar net at 15 fest., countava at 12,000 snd 10,09)
1L UMEND : vater T _Mew £
PIOTOMEYER T Britehatd. Model 10H0/0PPL, Bor. A% MEASURED 01 L oA 7
CHNTHOUL, PONBOLELY  Pritehard, Model 1OHOZCHDBRT, Ber. A250
Lpectar LE 14 LIOHTING COLOR:

LT
yarraperri s Hewlott Peckard Model 1440A, Ber. 4317.06916

NS No. 1114

“lAvimtian Red
Unfiltered Incandescent

VOLTAGEY FOY SPECIFIED (JUMINANCE !t

(inf1lternd lncandescent Light{ing)

) . volts dc for
1. 4%0. voltn de for

Locat sort  Contar of the V5.foot draduation

.02 foot- lamberts
.05 foot-lambarts

T T T T LUMINANCE, FOOT-LAMBERTS
“1.5 voLTs ne 2.0 VOLTS DC 2.5 VOLTS DC_ | 5.0 Volts b |
LOCATION
READ~ | WITH | cORR.JKEAD- [WITH [cORR.JREAD. |W1TH |coRR. [READ. wrnﬂconn- .
ING | 3114 | FreL.[ING | 3114 |FT-L.] ING 3134 [FT-L.)| ING | 3114 | PT-L. ;
Center. 2ero arad. _. ol | . 016 1238 £6\ o
Center. 85 ft. Orad. 3053 , O 016 1,23
Center. Polnter Tip [, o1f Nyl Lut 4.68
Center, 65 ft. ared. o1 064 199 4.43
| Center. 35 ft. Grad. o4 209 4
Canter. 50 ft. Orad. .01 078 Ao 5%
ne3s |
Figure 51 :
!
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i,

S'I

I 1L bR MEA-‘HIMM)"!‘: I'ih, b ANGH Nl")l‘lfl‘Ul‘l‘.. INDICATOR

B 1age In view

3 EQV] IMENT onrr &9 06T 76
i PHOPOMETEI Pt ohard, Modsl 1980/0D1,, Neyr. A2%h6 MEARURKD WYy ‘

B CONTHOL FONNOLES Dr b ohard, Mods! 19RO/CDRIY, Nev, A2%8

It LENRY  Hpwotar LE 19, Her. AJNn LLOHLELING COLORY

¥ FILPRIG O NBE No, 1134 AV int
: VOLTMETER G N i skt Snckard Modsl VAAOA, far, ft] Baugs m’lr"‘!"'“':_‘_:‘?m_.nmm_.“m

YOLTAUEL FOR QUECIFILD LUMINANCES . (Unfiibepren Incandedesnt Lighting)
1 {ocation)  Canter of the rofi (hank) pasnter

.£ voltu de for DZ foot-lamherts

8 volts de for .0% foot-lambarts

LUMINANCE, FODT. LAMRERTS

. [ROUESEE - o]
l 5 vom 5 nr ?.0 VOLTS DPC 2.5 vox,'rr nc L..5:0 vouts pe
; o e L B
4 LOCATION READ. | WITH | GORR.| READ. WITH GORR.| READ-. WITH | 'onn.| RFAD-| WITH | CORR.
" NG {3114 [ FT-L.] INO 3134 FT-L ING L3114 ,F'r L.4 tNa [ 3114 i NG
i - R . [ oo R UG B
4 sr, Rull bointer K- AL !
: ..ﬁ.v.. ..,.1..__.--%
b, |t Scale, 2nd dot up 04 ,o“) — L 4,17 e
: [Go1l. cmd, UM mark oo 04% ! 1854
3 . 0% Scale, ind det DN 011 [, 079 | i T4 vé
b [L0¢ nay, Middie Grad. |l 03) Q42 742
) Roll Teim Grad. Lok 1.0k 1403
: nagse
;. Figure 52
Kl
P
n LAOHT MEASUREMENTS, .. 4-JNCH “?.MMEB(;_IAL_}L‘).BIZQNIAR _STTUATION INDICATOR
i agn in view
i EQUIBMENT mare: &% O_P—T'E_ _
Iy PHOTOMRTEN:  pritehard, Model 1940/0PPL, Ser. A256 MEASURED BY: .0 o
CONTROI. CONSOLE:  Pr {tchard, Model 1980/CDRPY. Ser. A256
2 LENS:  fHpoctar LF-19, Sar. AZ56 LIGHTING, QOLOR:
E PILTER: NRS No, 3114 ) . . ~lavistion Red
;‘:’ VOLTMETER:T  Newlett Packard Midel 31440A, Ser, 437.0691% Binfslearsd heandescant Whits
) i
3 VULTAIEDL FOR S1FCTELLD LUMITHANC G (it iitarad Tneandencent Light tng) 3
- Lorgtiont  Center of [he "W" gradunt lon -
c vedtp e for L2 Lot lamharts -1'{
' 3.0|‘ woltm de tor 0% fuat - iamharte '4
" T T LUMINANGE. FOOT-LAMBERTS i i
1.5 VvoLts p¢__y 2.0 vouTs o¢ 2.5 voLts nc [ 5.0 voiTs DC 4
e H " T e s
LOCATION READ-] WI™H | CORR. READ- WITH [ronn. READ-[W17H [ CORR.| READ-, NITH CORR. 4}
) ING | 3114 | FT-L.] ING 3114 | FT-L,; ING [3114 [FT-L.} ING | 3114 FT-L. ;
Center., "N" Qrad. L 00 | 1”7‘ B _] T |
Cont. arsa, T o0l '.ao:)h-L o ] g"L'" T :
R P PN N— ot ..
. 50 arad. 0014 wwebel vt T AR
;.“'"“"' Asrpiane Synbol | oony] -0'3' oo-jodol L US| .
210 arad.  lootd] | .00} - SOV Y- B IS P11 £ S e ‘ !
150 arad, 0018 _ 1,009 | ! ,0ly R X 11 T i
7I8]§]
Figure 53 :
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TESTISII A R

LIGHT MEASUREMENTS, 2-INCH EUEL QSZANTITY INPIEATOR

(Poinhr set at 460 pounds)
EQUIPHENT oave: 3O OLT IS
PHOTOMETER: Pritchard, Modasl 1980/0PPL, Ser. A25%6 MEASURFED BY: l_ o ..
CONTROL CONSOLE:1 Pritchard. Model 1980/CDBPI, Ser, A2556 =
LENS: Bpactar LF-19, Ser. A25%6 . LIGHTING. COLOR!
FILTER: NBS No. 1114 Aviatioh Red
VOLTMETER: Hawlatt-Packerd Model 3440A, Ser. 637-06%15% Tjunfiltered Incandescent

YOLTAORE FQR. SPEQLIFLLD LUMINANCES' (Unfiltered Incandescent Lighting)
tocatinni  centar of the 100.-pound yraduation

volte de for .02 foot-lamherts

volts deo for .0% foot.lamberts

D _ LUMINANCE. FOOT-LAMDERTS _ T
1.5 voura nc_ | 2.0 vouts 2.5 VOLTS ne ; 5.0 VoLTS nC )
LOCAT1ON RFAD-| WITH FORR. || REAP-| WITH | CORR.| READ-] WITH | CORR.! RFAD- WITH CORR.:
Na {3114 Fr-L.| INa | 3134 |erer.ll 1w nulm Li; ING ;3114 FTol.
tentar, 100 arad, Hovd 0018 [.018 |, 013 | otey .08, 060 1‘133 .,457 'M

|Lontar, 100 Grad, 10010 1,0015 ||, aeed | 0047 ;001 ..._;.\_,,9 .1._4.1“3.9....!@3 A6t
10011 .0013 |, 20te LoReD! w04 ] 088 | 2! ;-.-nr.ur...zs'- for
Junr-non xn --3"1_ 9!__'0'1‘\: 1.0 0006|0009 [ 004, 0001, 0¢d9 !, 014 ‘QIO{ 1Ol g1y Llbl, 2
qenter, Zero Grad, | 0013 | co0lioel]| 0067, otet ||, 007 , 010! 031 s‘u‘ 3N m

fenter. 600 arad, ~ [ a1’ se14 | 0ont [ 0alt 0065 s 104] o280t 013 " g2 378 e

1\0354
Figure 54
Liqus. MEAEURFMEHTﬁl R ] MB$PE&D_.INDL¢AIQB
Pointer set at 130 Knots)

IMENT patE: 30 ocT 7§
EQULIMENT S
PHOTOMETER: Pritchard. Medel 19R0/0PPL, Ser. A2%6 MEASURED BY: z: ——
CONTROL CONSOLE: Pritchard, Model 1980/CDRPI, Ser. A256
LENS: Spsctar L¥-19, SEr. A256 LIGHTING COLOR:

FILTER: NBS No. 3114
VOLTMRTER: Hawlett-Packard Model 1440A. Ser. 637-06915 BAviation Red ndescent

YOLTAOQES FOR SDRCIFALD. LUMINANGESt (Unfiltoered Incandescent Lighting)
lLocation: Center of $0-.knot araduetioh

volte de for ,02 foot-lamberts

volta de for .0% foot-lamherts

T LUMINANCE, FOOT-LAMBERTS -
1.5 VOLTS DC 2.0 VLTS BC | 2.5 voLTs be 5.0 VOLTS DC

LOCATION READ-| WITH | CORR.| READ-| WITH CORR.jREAD: WITH | CORR.] READ-| WITH | CORR ..
G | 3114 [Fr-n.] 1o | 3314 ppr-n] 1me 3114 {Feon.f no [ 3114 |FreLs

Center. zaro Grad. oetd o812 003d [0l .01 |.0(9[,08b [ 035 . ocs [ 979 L6 10k
 Center, Pointer Tip___ 1,0019/,0013 ] 00nt oo L.ote) | .0Us| 019 030 Als_u.'i_L % |
Center. 30 Grad. 0007 |.0005"|.0008 [, 0947|0020 | . 0043 1,0 128 00 88 014 |, YAS, 167 | .29}
Center. 100 Orad, selbl, eI} |,0019 20687, 0101 9| o300 ].8% | ISE| Fr8

Center. 50 Gred. 10014],0018 | 0016 l,0odp| o076l 02) | 016 | .0ts ]| 4/0 ) .293 | 476

Center. 70 Grad. oais|. 0nil 00170079 0060 0091 016 ] 010 | o1o] 498138 ] ¢n
1B J-65

Figure 55
66
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It {s a well-established fact that the luminance of a tungsten filament,

a operating about its design voltage, can be expressed as an exponential function

of the applied voltage, {.e. |

X (footlamberts) = a (voltage)b

sy L

Tharefore, a regression analysis ("best £it") war performed on the data to

prtr—seguamer

8 determine the coefficients a and b, These are shown in Table 5 for the indicators

examined. 4

| TABLE 5

o COEFFICIENTS a AND b IN THE FORMULA
(footlamberts) = a (voltage)b

AVIATION RED VERSUS UNFILTERED INCANDESCENT (WHITE) LIGHTING

Figure Lighting

E Numbers Color Remarks a b '
54 and 24 Red All measured points ,00035 4,636

1 54 Red Ignoring data for center .00035 4.648

k. of the 300 graduation and

. the junction in "I" of

y QTY (For reference only)

40 and 24 White All measured points 00371 4.615 .

- g 40 White Ignoring data for center ,00350 4.633

i of the 300 graduation and

3 the junction in "T" of
B QTY (For reference only)

3 55 and 25 Red All measured points 00032 4.704

'%I 55 Red Ignoring data for center .00037 4,685

. of the 30 graduation

- B (For reference only)

E 41 and 25 White All measured points 00264 4,590

41 White  TIgnoring the data for 00298 4.591

center of the 30 gradua~
tion (For reference
only)

8 These functions, appropriately labeled, are plotted in Figures 24 and 25 as
noted in Table 5.
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The fationale for using a regression analysis to generate the curves of
luminance versus voltage is that there are too many uncontrolled variables to
mske a point-by-point comparison of Aviation Red and unfiltered incandescent
lighting. When the mockup is disassembled, the light block changed, and the

mockup again re-assembled, at least two variables occur:

a. All four lamps are replaced with four different lamps, each new lamp
probably different in intensity than the one it replaces because of tolerancas

on lamp characteristice.

b. The axial, angular, and rotational positions of the lamp filaments with
redpect to the centerline of the lighting wedge are probably different when a new
light block is installed.

Because of these uncontrolled varlablas, an average, or "best fit'" curve is

required to reduce the data to usable form.

Examination of Figures 24 and 25 show that the luminance versus voltage
curves for Aviation Red and unfiltered incandescent lighting are indeed parallel,
for all practical purposes, for both the 2~inch and 3~inch mockups. The differ-
ence in the offset between the red and white lighting curves for the 2~inch and
3-inch indicators is the result of the multiplicity of varlables involved in
converting the mockups from one color of lighting to another. It is almost
impossible to duplicate lighting system configuraticns and lamp characteristics
in all details. It was therefore concluded that further mockup conversions to

red lighting ware not warranted.

b, Conclusions and Recommendations

It was concluded that for a particular lighting system the lighting intensity
of the display 1s approximately predictable when the lighting color 1is changed
from Aviation Red to unfiltered incandescent white or vice versa.

It is recommended that the mockups supplied to HEL be used for further

studies of U.S. Army aircraft indicator requirements.

4. INDICATOR MOCKUP PANEL AND CONTROL ASSEMBLY (TASKS G AND J)

One purpose of this task was to provide a panel into which indicator mockups
could be mounted. A further purpose was to supply a lighting control assembly to
regulate the lighting of the mockups installed in the panel.

68




Figura 26 shows the panel, with the mockups mounted therein, that was produced
under this task. The face of the paunel is tilted backward 10 degrees from the
vertical. Referring to Figure 26, all mockups except the 5-inch Attitude Indicator
and the 4=-inch Horizontal Situation Indicator are flange-mounted from the front;
the latter two mockups are clamp-mounted from the frout.

The indicator lighting control assembly ie shown in Figure 28. The schematic
i diagram for this assembly is shown in Figure 56, It was designed to operate from
i a 115-volt, 60-Hz gource and provide both zero-to-5 volt contrel for each of 16

: mockups and control of overall voltage levels to raise ot lower the voltages of

ﬁ ' all 16 mockups simultaneously. Supplied with the control assembly, as seen in

' Figure 28, are 16 cables to connect the control assembly to the mockups. Each
cable 18 ten feet long.

5. RED-LIGHTED FLUORESCENT PAINT STUDY (TASK I)

b The purpose of this task was to document for future use the intenslties of

various colors of fluorescent paint when illuminated by Aviation Red lighting at
various excitation voltages.

a. Task Activities

Figure 27 shows the mockup constructed for these tests. It consisted of the
lighting system of Figure 1, with Aviation Red lamps, a paint sample strip
inserted into the mockup through slits in the sides of the mockup case, a blank
dial face with a .75 by 1.00 inch aperture through which to view the paint

gamples, and a spring-loaded backing plate to press the paint sample strip against
the raar of the aperture. The paint sample strip contained the following colors
(unless otherwise noted, the paint color names are those of the Day~Glo Color
Corporation, FSCM listing No. 58825 of Cataloging Handbook H4-1):

Black per FED-STD-595 Color No. 37038 (Ref. only)
Fire Orange

Blaze Orange
Arc Yellow

Saturn Yellow

White per FED-STD~595 Color No. 37875 (Ref. only)
Signal Green

Lightning Yeliow

Horizon Blue

Aurora Pink
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KEY PARTS

1 116:-VOLT, 80 He, GROUNDED PLUG {INPUT VOLTAQGE)
J2 THRU J33: BANANA JACK SOCKETS (OUTPUT VOLTAGES)
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Figure 56
Schematic Diagram, Lighting Control Assembly




The lighting intensity for each of these paint samples was measured at the
center of the aperture (center of the mockup) at lighting system excitation volt~
ages of 1.5, 2.0, 2.5 and 5.0 volts de. The measurements were corrected using the

curve of Figure 39 and are shown in Figure 57.

b, Conclusions and Recommendations

Listed in descending order of visibility under Aviation Red lighting, the

paint colors are as shown in Table 6.

TABLE 6

FLUORESCENT PAINT VISIBILITY ILLUMINATED
BY AVIATION RED LIGHT

Color Luminance, fL
(Fluorescent color names at 5.0 vde
are Day~Glo Trademarks) (Reference only)

Aurora Pink 597
Saturn Yellow (chartreuse) 591
5 Arc Yellow (light orange) 578
?, Blaze Orange (deep orange) .569
f Lightning Yellow 564
3 Fire Orange (red) 555
. White (non-fluorescent) 546
; Horizon Blue 082
ﬁ Signal Green 071
) Black (non-fluorescent) .026

'ﬁ The following conclugions can be drawn from an examination of Table 6:

e Under Aviation Red lighting, Day-Glo® Aurora Pink, Saturn
Yellow, Arc Yellow, Blaze Orange, Lightning Yellow, and
. Fire QOrange are all more visible than matte white.

o e Horizon Blue and Signal Green appear almost black under red
light.
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LIGHT MEAQURFMENTS .. DAY.-OLG Pi‘.‘ LYORESCENT. _COLORY

EQUIPMENT

PHOTOMETER: Pritchard, Model 1980/0DPPL. Sar. A256
CONTROL CONSOLF: Pritchard., Model 1980/70BPI, Ser. A256
LENSI Spectar LF-19, Ser. A206

FILTERT  NRS Ho, Y114

VOLTMETERT  Hewlatt-Puokard Modal 1440A, Bar. 637-0691%

VOLTAUEL FOR BPLCLFLLD LUMINANCES:
tolart  White (non fluorascenl)

W31 © volte Ne for .02 tont.lsmberts, corrected for color
L ¥4F  volta dc for .0% foot-lambarts, corrected for color

DATE 2
MEASIY}H'E‘,Dﬁﬁ,Y—'foH'I%ﬂ..,
LIGHIING .COLOR:

WAviation Rad
JUnfiltered Incendescent

A LGMIANGE, O0T LAMRERTS
- 1.% voLTS DC 2.0 VOLTS DC 2.5 VOLTS DC 5,0 VOLTE DC
| LOCATION ' .
\ READ—’ WITH | CORR,| READ-| WITH READ-{ WI'TH | CORR.| READ-| WITH | CORR.
'}»-_“ T INU 3114 _]’v'l‘-!.: ING _3114 INU {3114 | FP-L. INO | 3114 | FT-L.
Mack ] sl Y || 090€], Ooedle00¢ [,00\3 | 0010, suif [O126]p170] o1
t‘.*f.’:.“'. orsnge  lom7|.00\3 ey [, 008 | 0004 Lot” 0wl e |474]360 | k5%
1 nlaze orange Lag(7.004] 018 !, el 00087:0000 | ong | 020,030 [ SV6] 370 .50
Carc vellow """ 0y ] seue[iee1y | 0cme | oois 10098 | 022 | 0%@ [ 030|494 [, 326 678 |
| Saturn Yellow 10009 o0 Lot | oofl | 0e6) (103 | oay! 02t |, 033 [, 585" | 306 (K9 .
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_Stanel areen | molg seof8|. 017 ||, 001 |e0n? |weit (| 0033 apsd 0038 |, 0b| |, 047 |.07)
Liuhtning Yellow Losr# | coidj.eeut [.e087 0067 [ioter | 0261, a0 030 [4 92 [.367 ],5%
torizon Rlue L asatl a0l Lsed | aurs’| ped?¥|. e 6 || 003D Loare | 0044 [, 070 |, 064 oM.
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Figure 57
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e The three best colors to use with Aviation Red lighting,

in order of preference, are Aurora Pink, Saturn Yellow,

and Arc Yellow.

o The viaibility of fluotrescent paints under red lighting
18 more than just a function of the ammount of red in the
color; the deepness or paleness of the color (saturation)

is also a consideration,

It is recommended that Day-Glo® Aurora Pink, Saturn Yellow, or Arc Yellow be used
if colored fluorescent paints are desired in Aviation Red-illuminated indicators.

6. NIGHT VISION GOGGLE SURVEY (TASK F)

a., Task Activities

The displays listed below were viewed by several lighting engineers using
night vision goggles (NVG), The purpose of this phase of the project was to
subjectively evaluate each of these displays for NVG compatibility, Each display
conaisted of a 3-digit numeric readout. The illumination of the readout was
dacreased while observations were being made of the quality of the display as
viewed through the NVG, The results of this evaluation were:

e Burroughs "Nixie" Gas Tube - This display tended to waeh out due
to ntray amblent light producing reflections from the glass
envelope. The display also tended to "break up" at low excita~
tion voltages and produced a '"tunneling effect" because of the

digits belng stacked.

e Tung~§ol "Digivac" Fluorescent ~ This display emitted blue light,
to which the NVG are insensitive. This mad. the display unread-
able. This display was also subject to the "tunneling" effect,

% Pinlite "Midpi-lite" Divect~View Incandeascent - The small lighted
circles making up this display became more pronounced at the low
intensitles required for compatibility with NVG. Thiy distracted
slgnificantly from the readability of this display.

e Sperry DC~Planar Gas Tube ~ This display was not dimmable; it

was therefore not compatible with NVG,
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® The following dieplays had good readability, were compatible

with NVG, and were deemed suitable for night usage:

Master Specialties Fibar Optic Incandeacent

Tung-Sol Light Pipe Incandescent
Monsanto MAN-10 Gallium Arsenide LED (Dot gegments;
Monsanto MAN-7 Gallirnm Arsenide LED (Bar segments)

B irEtrron

b. Conclusions and Recommeundations

e et ————

f i From the results of this task, it has been determined that:

9 Some displays are incompatible with NVG, Of those observed,
the following were found to be ccmpatible:

Master Specialties Fiber Optic Incandescent

Tung~Sol ILight Pipe Incandescent

Monsanto MAN-7 and MAN~10 Gallium Arsenide LED,
v both dot and bar sogments

g e Tunneling effects occur with the Burroughs "Nixie' and the

Tung~Sol "Digivac" displays.

® Any 7-segment display requires a monitoring system to detect

=A== IR

inoperative segments.

e Reflections of ambilent light can make a 7-segment display

unusable {f the display 1a not designed to operate in high

Pt i-O0aol i i i it R <R

ambient illumination. These reflections can not only swamp
the entire display, as with the Burroughg ''Nixie' Gas Tube

and the Tung-Sol ''Digivac' Fluoresceat, but can cause an

e e .
PR Sedias ol e

unilluminated segment to appear lighted.

e LED displays tend to 'wash out" in high ambient illumination.

;

¢ Further research is needed in this area.
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APPENDIX A

DATA REDUCTION PROCEDURES

Al. Mean and Standard Deviation

a. X, mean = arithmetic average of all points

n
:
'}'{in
1 =1

where x1- data point {1
n = number of data points

b. ", standard deviation = rovot mean square of the daviations of a get of data

roints from the mean, X.

i (%, - ©)*

i =1

n-1
where xi w data point 1

X = mean (as defined above)

n = pnumber of data points

AZ, Student's t-Distribution Test

To determine the degree of statistical significance, if any, between two sets
of data, the following calculation is made:

X -¥Y)
C 17
n n
2 2
n E ® - ¥ - E X, = ¥,)
1= 1=

n-1




where Xi = data point i in the X-data set

Y, = data point i in the y-data set

i
n @ number of data points in the X-data and Y-data sets

& = number of pairs of data points

: ‘ This value of t 1s compared to tabulated values of t found in atatistical tables,
% ' e.g., Table III of R. A. Fisher and F. Yates, "Statistical Tables for Biological,
i Agriculture and Medical Research," 6th ed., Oliver and Boyd, Edinburgh, 1963,
These tables list calculated values of t for various degrees of freedom (n or df),

eignificance for a one-tailed test (data can vary in one direction only) or a two~

tailed test (data can vary both + or ~). If the calculated value of t {s less

§
39
.:E ' which 18 one less than the number of pairs of data, and various levels of
' than the tabulated value, there is no significant difference in the two sets of
|

data.

4

A3. Regression Analysis (Curve Fitting)

The following formulas apply to 4 set of n ordered pairs [?xi.yi)] y 1= 1, 2,
The assumptions of normal regression analysis are that the x's are

%

o,

. . . » nl
fixed variables and the y's are independent random variables having normal dia-
The assumptions of normal correlation

Lo i

gt

tributions with common variance 02.
analysis are that [(xi,yi)] constitute a random sample from a bivariate normal

i

s
foasd

population.

1. Polynominal Function

2 m
y = bo + hlx + bzx + .. . * bmx

For a polynominal function fit by the method of least squares, the values of bo’

bl’ e b e bm are obtained by solving the system of m + 1 normal equations

2 m
nb_ + blﬂxi + bZExi +... + me&i - Eyi

\ 2 3 m+ 1
bOin + bifxi - bzf-xi + ...+ bmzxi - Exiyi

4 & P s 8 & ¥ 4 e e w3 0 8 & 8 ¢ s %t s+ 8 2 2 e e e 2

.M SR 113 ) . 2m - m ;
bolxi + b12x1 + bzzx1 + .., .+ bm-xi in Yy :




2. Straight Line
y= bo + b1x

i . For a straight line fit by the method of least squares, the values b° and b1 are
o obtained by solving the normal equations

nbo-i-b123x:’-:5yi
b Zx, + b.Zx, % = Ix,y
o 1 11 171
The solutions of these normal equations are

5 1 Bt - ()2

_ Iy, Ky e
3 bt TR "By TR MY 7 ByX

: 3. Exponential Curve |
B y - ab®

log v = log a + (log b)x

For an exponential curve fit by the method of least squares, the values log a and

log b are obtained by fitting a straight line to the set of ordered pairs
[(xi. log yi)]

4. Power Function

y - ax®

MY ek bt

or

log y = log a + b log x

3 For a power function fit by the method of least squares, the values log a and b are
obtained by fitting a straight line to the set or ordered pairs [(log X4 log yi)] .
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